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(57) ABSTRACT

An 1nput device capable of optically communicating with an
clectronic apparatus 1s provided. The mput device includes a
light source, a force sensor, and a controller. The force sensor
1s configured to sense a force applied to a tip of the mput
device and generate a first sensing signal corresponding to the
sensed force. The controller 1s electrically connected to the
light source and the force sensor, and configured to recerve the
first sensing signal and control the light source to generate
light pulses 1n response to the first sensing signal according to
a predefined protocol.

19 Claims, 4 Drawing Sheets
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INPUT DEVICE AND DISPLAY SYSTEM
HAVING THE SAME

FIELD OF INVENTION

The present invention relates to an mput device, and more
particularly, to an input device capable of optically commu-
nicating with an electronic apparatus.

BACKGROUND OF THE INVENTION

The touch panels have been utilized as inputs means for
various electronic apparatuses. The touch panels can be clas-
sified 1nto resistance type touch panel, capacitance type touch
panel, ultrasonic type touch panel, and infrared type touch
panel, etc., according to work principles. FIG. 1 shows a
conventional infrared type touch panel for detecting a posi-
tion of an object present 1n a particular region. The electronic
apparatus 10 includes a display panel 20, multiple infrared
receiving devices 30 and 32, and an infrared emitting device
40. The infrared receiving devices 30 and 32 and the infrared
emitting device 40 are disposed on the perimeter of panel 20.
When a finger or other object 60 1s set 1n a certain position on
the display panel 20, light emitted by the infrared emitting,
device 40 will be retlected by the object 60. Theretfore, the
inirared receiving devices 30 and 32 can sense light reflected
by the object 60 from multiple angles. The infrared receiving,
devices 30 and 32 can translate the received light mnto elec-
trical signals which are then transmitted to a processor 30.
These electrical signals are correlated by the processor 50 to
generate X and Y coordinates of the object 60. In short, the
coordinates of the object 60 can be obtained by analyzing the
lightrecerved by the infrared recerving devices 30 and 32. The
processor 30 then sends these coordinates to an operating
system to, for example, position a curser 1n the corresponding
X and Y locations on the display panel 20.

However, although drawing directly on the display panel
20 with fingers or other objects 60 1s possible, the finger or
object 60 cannot communicate any other information to the
operating system except for the X andY coordinates. There-
fore, many drawing attributes, such as line width, color, and
rotation angle must be set though control buttons or other user
interface, which requires users to interface with the electronic
apparatus in an unnatural way. This limits the user’s ability to
interact with drawing programs in an artistic way and

impedes the creative process.

Consequently, it 1s necessary to provide an input device
capable of giving user the best control for communicating
with the touch panel.

SUMMARY OF THE INVENTION

For obwviating the problems due to limitations and disad-
vantages of the related arts, the present invention provides an
optical input device that enables the user to control many
attributes of the drawing expression during the painting pro-
cess, such as line width, color intensity, color selection, brush
type, rotation angle, and the like.

According to an aspect of the present invention, an input
device 1s provided. The mput device includes a light source, a
force sensor, and a controller. The force sensor 1s configured
to sense a force applied to a tip of the input device and
generate a first sensing signal corresponding to the sensed
torce. The controller 1s electrically connected to the light
source and the force sensor, and configured to recerve the first
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sensing signal and control the light source to generate light
pulses 1n response to the first sensing signal according to a
predefined protocol.

According to another aspect of the present invention, an
input device for optically communicating with an electronic
apparatus according to a predefined protocol 1s provided. The
clectronic apparatus has a drawing application installed
therein. The nput device includes a light source, a force
sensor, and a controller. The force sensor 1s configured to
sense a force applied to a tip of the input device and generate
a first sensing signal corresponding to the sensed force. The
controller 1s electrically connected to the light source and the
force sensor, and configured to receive the first sensing signal
and control the light source to generate light pulses 1n
response to the first sensing signal according to the predefined
protocol. The light pulses are recerved by the electronic appa-
ratus and translated into a command sequence for setting
drawing attributes of the drawing application.

According to still another aspect of the present invention, a
display system 1s provided. The display system includes an
input device and an electronic apparatus. The mput device
includes a light source, a force sensor, and a controller. The
force sensor 1s configured to sense a force applied to a tip of
the 1nput device and generate a first sensing signal corre-
sponding to the sensed force. The controller 1s electrically
connected to the light source and the force sensor, and con-
figured to receive the first sensing signal and control the light
source to generate light pulses in response to the first sensing
signal according to a predefined protocol. The electronic
apparatus has a drawing application installed therein, and
includes a display unit, a photo sensor for receiving the light
pulses, and a processor. The processor 1s electrically con-
nected to the display unit and the photo sensor, and configured
to generate coordinates of the input device and a command
sequence associated with the drawing application in response
to the light pulses.

The other aspects of the present invention, part of which
will be described 1n the following description, part of which
will be apparent from description, or can be known from the
execution of the present invention are presented below. The
aspects of the invention will be realized and attained by means

of the elements and combinations particularly pointed out 1n
the appended claims. It 1s to be understood that both the
foregoing general description and the following detailed
description are exemplary and explanatory only and are not
restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying figures, wherein:

FIG. 1 shows a conventional infrared type touch panel for
detecting a position of an object;

FIG. 2 1s a schematic block diagram showing an overall
arrangement ol a display system according to one embodi-
ment of the present invention;

FIG. 3 1s a graph showing an example wavetform of a
modulated light signal outputted from the light source
according to one embodiment of the present invention; and

FIG. 4 illustrates an example protocol used between the
input device and the electronic apparatus.

DETAILED DESCRIPTION

The present invention relates to an optical mput device to
enable users to naturally interface with an optical touch panel,
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without the need to separately interface with a drawing appli-
cation to communicate drawing attributes 1n addition to coor-
dinate information. To make the disclosure of the present
invention more detailed and complete, references are made to
the following description in conjunction with FIGS. 2-4.
However, the devices, elements, and operations 1n the follow-
ing embodiments are provided for exemplary purposes only.

FIG. 2 1s a schematic block diagram showing an overall
arrangement ol a display system according to one embodi-
ment of the present invention, including an mput device 100
and an electronic apparatus 200. Referring to FIG. 2, the input
device 100 has a pen-shape body with an opening 105 at 1ts
tip. The mput device 100 includes a light source 110, a con-
troller 120, and a force sensor 130, which can be all arranged
on a printed circuit board 180 or the like. The electronic
apparatus 200 includes a display unit 210, photo sensors 220
and 222, and a processor 230 electrically connecting to the
display unit 210 and the photo sensors 220 and 222. In this
embodiment, the electronic apparatus 200 has a drawing
application 240 installed therein to allow users to create
graphics on the display umt 210, which can be Microsoit
paint, Adobe photoshop, or any other similar programs.

The light source 110 of the input device 100 1s preferably,
but not limited to, a light-emitting diode. The light generated
by the light source 110 1s emitted through the opening 105.
The force sensor 130 1s configured to sense force applied to
tip of the mput device 100 when the mput device 100 1s 1n
contact with the display unit 210. The force sensor 130 1s
disposed pretferably, but not necessarily, as close as possible
to the opening 105, and can be implemented as, for example,
a strain gauge or a force-sensing resistor which are well-
known by a person skilled 1n the art and so the details thereof
are omitted hereinafter. The force sensor 130 can operate to
communicate a first sensing signal to the controller 120 1n
response to the degree of sensed force, and then the controller
120 can control the pattern of light outputted from the light
source 110 according to the first sensing signal from the force
sensor 130. As aresult, the force applied to the tip of the input
device 100 can be translated into the variation of character-
istics of the light outputted from the light source 110. For
example, after recerving the first sensing signal, the controller
120 controls the light source 110 to generate light pulses 1n
response to the first sensing signal. The pulse width, fre-
quency, or amplitude of the light pulses may vary with the first
sensing signal according to a predefined protocol which waill
be described 1n further detail herembelow.

Also referring to FI1G. 2, the electronic apparatus 200 can
be implemented as a conventional personal computer, a work
station, a notebook, a palm top PC, a network computer, or a
combination thereof. The display unit 210 1s configured to
display an 1mage, and can be a plasma display panel (PDF), a
liquad crystal display (LCD), or any device which can display
information. The photo sensors 220 and 222 are configured to
receive the light signals outputted from the light source 110 of
the input device 100 and convert the recerved light signals into
clectrical signals, which can be located at any suitable place,
such as at corners or along the periphery of display unit 210.
The electrical signals outputted from the photo sensors 220
and 222 are then received by the processor 230.

Generally, the light signals received by the photo sensors
220 and 222 are modulated light pulses carrying both coor-
dinate imnformation and drawing attribute information. The
coordinate information may include, for example, light 1nci-
dent angles a, 0 of the photo sensors 220 and 222 respectively
and a distance D between the two photo sensors 220 and 222.
The processor 230 can determine two-dimensional coordi-
nates of the mput device 100 based on the coordinate infor-
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mation, and this coordinate determining process 1s well-
known by a person skilled 1n the art and therefore the detailed
description thereot will be omitted. Furthermore, the drawing
attribute information indicated by the predefined protocol can
be converted 1into a command sequence by the processor 230.
The command sequence and the two-dimensional coordi-
nates are then communicated to the drawing application 240
through a defined programming interface 245. Then, an
image corresponding to the command sequence 1s displayed
at a position corresponding to the two-dimensional coordi-
nates on the display unit 210 through the drawing application
240.

In sum, the controller 120 of the input device 100 senses
changes 1n the force sensor 130 and communicates drawing
attributes information to the electronic apparatus 200 by con-
trolling and modulating physical characteristics of light out-
putted from the light source 110. In other words, the light
from the light source 110 1s continuously variable based on
the pressure the user applies to the mput device 100 while
drawing. Variations 1n the light are sensed by the photo sen-
sors 220 and 222 located around the display umt 210. The
processor 230 of the electronic apparatus 200 will sense the
characteristics of light and translate these into a pressure level
for use 1 varying the width of the lines (or point size, color
intensity or other attributes) generated on the display unit
210.

Each of the photo sensors 220 and 222 of the present
invention can be, but not limited to, a CCD camera or a CMOS
camera, and the present invention does not intend to limait the
number of the photo sensors adopted in the electronic appa-
ratus 200. For example, to help in processing the digital
modulation and communication protocol, the photo sensors
220 and 222 can be used specifically for two-dimensional
coordinates, and an additional photo sensor 224 can be added
as a dedicated photo sensor for attribute communication,
whereby the optical communication can be speeded up.

Referring to FIG. 2 again, for communication more draw-
ing attributes, such as color selection, brush type, etc.,
between the input device 100 and the electronic apparatus
200, the mput device 100 can further include an accelerom-
cter 140, a gyroscope 150, and a plurality of touch buttons
160, which supply additional parameters for the input device
100 to communicate to the electronic apparatus 200. The
information from accelerometer 140, the gyroscope 150, and
the touch buttons 160 are all collected by the controller 120,
and then light outputted from the light source 110 can be
correspondingly digitally modulated under the control of the
controller 120. The mnput device 100 further includes a power
source 170 mounted on the printed circuit board 180 for
providing electrical power to various above-mentioned com-
ponents which can be electrically coupled as necessary using,
for example, a bus (not shown).

The accelerometer 140 and the gyroscope 150 can be any
motion sensors known or used 1n the art capable of detecting
the radial and angular motion of the mput device 100. The
accelerometer 140 can detect various motions of the input
device 100, and generate a second sensing signal correspond-
ing to the sensed motion to the controller 120. For example, 1f
the accelerometer 140 detects that the mput device 100 has
stayed motionless for more than a threshold period of time, 1t
can 1nstruct the controller 120 to transit from a full power
mode to a power saving mode. Once the accelerometer 140
detects the movement of the input device 100, the controller
120 1s switched from the power saving mode to the full power
mode. The toggle between the full power mode and the power
saving mode can be realized by a timing control circuitry (not
shown) as known by those skilled 1n the art. In one embodi-
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ment, the user can also quickly reset all the drawing attributes
(such as color, brush type, etc.) of the input device 100 to a
user defined default state with multiple snap actions.

The gyroscope 150 can be used to detect inclined angle and
rotation of the mput device 100 and generate a third sensing
signal corresponding to the sensed result to the controller 120.
In one embodiment, the detected inclined angle can be used 1n
conjunction with a flat brush selection of the drawing appli-
cation 240, which may, for example, create flat brush strokes
or simulate calligraphic writing on the display umt 210. Fur-
thermore, the information representing the detected rotation
can be passed on to the drawing application 240 to spin the
brush around to make wide strokes. It should be noted that the
communication of the above commands to control the draw-
ing attributes can be delayed until the input device 100 1s 1n
contact with the electronic apparatus 200 and able to send an
optical signal to the photo sensors 220 and 222.

The touch buttons 160 can enable the user to control vari-
ous drawing attributes while the user 1s drawing. The touch
buttons 160, typically three, are located on one side of the
input device 100, which are preferably disposed just under the
user’s fingers, to enable the user to communicate requested
changes of the drawing attributes to the electronic device 200.
The user can mput a plurality of fourth sensing signals to the
controller 120 through the touch buttons 160. The touch but-
tons 160 can be assigned to any desired drawing attributes,
such as a brush selection or a color mixture of red, green or
blue, or perhaps yellow, magenta and cyan. In one embodi-
ment, the user can select which button will control which
attribute. For example, a driver or a software application for
the input device 100, installed on the electromic device 200,
can be used to assist the user 1n setting up the button assign-
ment. This driver or software application can translate the
predefined protocol to the assigned attributes and then call the
appropriate command 1n the drawing application 240.

FIG. 3 1s a graph showing an example wavelform of a
modulated light signal outputted from the light source 110
according to one embodiment of the present invention. Gen-
erally, the controller 120 can control the on/ofl state of the
light source 110 by generating burst drive signals based on a
predefined protocol, and can also control the intensity of light
by varying current or voltage through the light source 110,
such that various light pulses can be generated. In the embodi-
ment shown 1n FIG. 3, first light pulses 302, second light
pulses 304, third light pulses 306, and fourth light pulses 308
represent different drawing attribute mformation, and their
time periods T1-T4, pulse widths D1-D4, cycle periods
B1-B4, and amplitudes A1-A2 can be varied with the all kinds
of sensing signals described above according to the pre-
defined protocol. In other words, one or more physical char-
acteristics of the light pulses can be changed 1n a manner as to
encode information 1n the signal.

As described above, a predefined protocol can be estab-
lished to define the transmission of information from the
input device 100 to the electronic apparatus 200. FIG. 4
illustrates an example protocol 400 defining the relationship
between the light signals and the drawings attributes, which
can be used to send drawing commands from the input device
100 to the electronic apparatus 200 through this optical com-
municating manner. In this embodiment, the protocol 400
contains a synchronization header 420, a command portion
440, a value portion 460, and a checksum 480. The use of
fixed length protocol 1s an example of a way to simplify the
digital modulation used for communicating a drawing com-
mand, but the protocol with dynamic length can also be used.
The synchronization header 420 typically has sufficient
length to enable the electronic apparatus 200 to discover a
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drawing command will be sent and establish a timing clock to
sample the digital light modulation. Next, the command por-
tion 440 of the protocol 400 1s sent following the synchroni-
zation header 420. The length of the command portion 440 1s
predetermined based on the number of possible drawing
attributes that will be sent. Next, the value portion 460 1s sent,
which 1s associated with the command portion 440. The
length of the value 460 1s predetermined based on the maxi-
mum number of possibilities for all drawing attributes.
Finally, a checksum 480 1s sent to ensure data integrity of the
communication.

The protocol can be decoded by the processor 230, such
that the digital modulation of light can be translated in to a
command sequence for setting drawing attributes of the draw-
ing application 240. The command sequence along with the
two-dimensional coordinates of the input device 100 are then
communicated to the drawing application 240 through a
defined application programming interface 245.

The components and the arrangement thereof discussed
above for the mput device 100 and the electronic device 200
are by way of example only, and other components can be
incorporated into the input device 100 and/or the electronic
device 200, such as any memory devices for storing data
and/or software for controlling the device or processing data.
In another embodiment, the mput device 100 can have two
light sources at two opposite ends thereol, one emitting light
having a first wavelength for drawing function and the other
emitting light having a second wavelength for erasing func-
tion.

By introducing an mnput device with a light source, the
clectronic apparatus can differentiate this input device from a
finger or passive pointing device. Existing optical touch panel
devices have difliculties 1n operation while the user places his
palm on the display panel. The optical input device of the
present invention solves this problem. Since the optical input
device emits light, the photo sensor can only look for light
emitting from the mput device, 1gnoring any other touch
detections (such as palm pressing against the display panel).
Furthermore, the optical input device of the present invention
can communicate with the electronic apparatus only by way
of light, 1.e. the light generated by the optical input device 1s
used to communicate with the electronic apparatus without
the need of any additional components or connections for
communication. This can significantly reduce the cost of the
optical input device.

While this invention has been described with reference to
the 1llustrative embodiments, these descriptions should not be
construed 1n a limiting sense. Various modifications of the
illustrative embodiments, as well as other embodiments of the
invention, will be apparent upon reference to these descrip-
tions. It 1s therefore contemplated that the appended claims
will cover any such modifications or embodiments as falling
within the true scope of the invention and 1ts legal equivalents.

The mvention claimed 1s:

1. An mput device, comprising;:

a light source;

a force sensor for sensing a force applied to a tip of the input
device and generating a first sensing signal correspond-
ing to the sensed force;

an accelerometer for measuring an acceleration of the input
device and generating a second sensing signal corre-
sponding to the sensed acceleration; and

a controller electrically connected to the light source, the
force sensor and the accelerometer, the controller rece1v-
ing the first and the second sensing signal and control-
ling the light source to vary pulse width, frequency, or
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amplitude of light pulses of the light source 1n response
to the first and the second sensing signal according to a
predefined protocol.

2. The mput device according to claim 1, wherein the
controller controls the light source to generate the light pulses
by turning the light source on and off alternatively.

3. The mput device according to claim 2, wherein the
controller further controls the pulse width, the frequency, or
the amplitudes of the light pulses by varying current or volt-
age through the light source.

4. The input device according to claim 1, wherein the force
sensor 1s a strain gauge or a force-sensing resistor.

5. The 1nput device according to claim 1, further compris-
Ing a gyroscope for measuring an angular velocity of the input
device and generating a third sensing signal associated there-
with to the controller, wherein the controller controls opera-
tion of the light source 1n response to the third sensing signal
according to the predefined protocol.

6. The mput device according to claim 1, further compris-
ing a plurality of buttons for a user to mput a plurality of
tourth sensing signals to the controller, wherein the controller
controls operation of the light source 1n response to the input
sensing signal according to the predefined protocol.

7. The input device according to claim 1, wherein the light
source emits light having a first wavelength, and wherein the
input device further comprises an additional light source for
emitting light having a second wavelength different from the
first wavelength.

8. An mput device for optically communicating with an
clectronic apparatus according to a predefined protocol, the
clectronic apparatus having a drawing application installed
therein, the input device comprising:

a light source;

a force sensor for sensing a force applied to a tip of the input
device and generating a first sensing signal correspond-
ing to the sensed force;

an accelerometer for measuring an acceleration of the input
device and generating a second sensing signal corre-
sponding to the sensed acceleration; and

a controller electrically connected to the light source, the
force sensor and the accelerometer, the controller rece1v-
ing the first and the second sensing signal and control-
ling the light source to vary pulse width, frequency, or
amplitude of light pulses 1n response to the first and the
second sensing signal according to the predefined pro-
tocol;

wherein the light pulses are received by the electronic
apparatus and translated into a command sequence for
setting drawing attributes of the drawing application.

9. The mput device according to claim 8, wherein the
controller controls the light source to generate the light pulses
by turning the light source on and off alternatively.

10. The mput device according to claim 8, wherein the
controller further controls the pulse width, the frequency, or
the amplitudes of the light pulses by varying current or volt-
age through the light source.

11. The input device according to claim 8, further compris-
Ing a gyroscope, and a plurality of buttons for providing one
or more sensing signals to the controller, wherein the control-
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ler controls operation of the light source 1n response to the
sensing signals according to the predefined protocol.

12. The input device according to claim 8, wherein the
predefined protocol defines a relation between the drawing
attributes and physical characteristics of the light pulses.

13. A display system, comprising:

an iput device, comprising:

a light source;

a force sensor for sensing a force applied to a tip of the
input device and generating a first sensing signal cor-
responding to the sensed force;

an accelerometer for measuring an acceleration of the
input device and generating a second sensing signal
corresponding to the sensed acceleration; and

a controller electrically connected to the light source, the
force sensor and the accelerometer, the controller
receiving the first and the second sensing signal and
controlling the light source to vary pulse width, fre-
quency, or amplitude of light pulses of the light source
in response to the first and the second sensing signal
according to a predefined protocol; and

an electronic apparatus having a drawing application

installed therein, comprising:

a display unat;

a photo sensor for recerving the light pulses; and

a processor electrically connected to the display unit and
the photo sensor, the processor generating coordi-
nates of the mput device and a command sequence
associated with the drawing application 1n response to
the light pulses.

14. The display system according to claim 13, wherein the
drawing application generates display information to be dis-
played on the display umit according to the command
sequence and the coordinates.

15. The display system according to claim 13, wherein the
photo sensor translates the recerved light pulses into electrical
signals, and the electrical signals are received by the proces-
sor and translated into the command sequence according to
the predefined protocol.

16. The display system according to claim 13, wherein the
command sequence 1s for setting drawing attributes of the
drawing application, and the drawing attributes comprises
line width, color selection, color intensity, point size, brush
type, rotation angle, and combination thereof.

17. The display system according to claim 16, wherein the
predefined protocol defines a relation between the drawing
attributes and physical characteristics of the light pulses.

18. The display system according to claim 13, wherein the
input device further comprises a gyroscope, and a plurality of
buttons for providing one or more sensing signals to the
controller, wherein the controller controls operation of the
light source 1n response to the sensing signals according to the
predefined protocol.

19. The display system according to claim 13, wherein the
controller controls the light source to generate the light pulses
by turning the light source on and off alternatively and by
varying current or voltage through the light source.
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